describing the contractility of the urinary bladder can be calculated from both isometric contractions and pressure-flow studies. The first method has the advantage of making very little demand either on the patient or on the urodynamicist, and the disadvantage of yielding a parameter that is not clearly related to muscle physiology. The second method demands more from both patient and experimenter but yields straightforward parameters. For a group of 86 patients with mixed pathologic findings, a correlation between the two types of parameters was demonstrated, showing that both methods test, at least partly, the same mechanism.
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A contractility parameter is an objective measure of the ability of a muscle to shorten and/or to develop force.' Two types of contractility parameters can be distinguished, those calculated from isometric contractions, and those calculated from measurements made during shortening of the muscle.2 For the urinary bladder, both types have been proposed.
From an isometric contraction a force-velocity relation can be calculated using Hill's3 model with an assumed series elasticity.4 In only about 16 per cent of the measured contractions, however, can the force-velocity relation, obtained in this way, be fitted with a hyperbolic curve to yield unique contractility parameters.5 An alternative method of analysis is to fit a phase plot of the contraction (a plot of the rate of rise of force as a function of force itself) with a straight line of assumed slope.6 This method can be applied to all clinically measured isometric contractions. It has the advantage of being very easy to carry out, since isometric contractions can be recorded during a routine cystometry procedure without extra patient load and with minimal extra effort for the urodynamicist. In a study in vitro a strong correlation between a parameter calculated in this way and the maximal contraction velocity of the muscle was found.' The calculated parameter, however, bears no direct relation to muscle physiology, and its usefulness remains to be demonstrated.
From a recording of pressure and flow during micturition a plot of the contraction velocity of the urinary bladder as a function of detrusor pressure can be made.8 In about 9 per cent of the pressure-flow studies such a plot traces out part of a hyperbolic pressure-velocity curve (the total-bladder equivalent of the forcevelocity relationship of a muscle strip), and can be fitted with such a curve. This method yields contractility parameters directly related to muscle physiology, but it requires a full pressure-flow study and can be applied only to a small percentage of these studies. the parameter U calculated from the preceding isometric contraction were averaged.
Each micturition took place at the bladder volume at which the patient reported severe urgency. This volume was considered as an approximation to the bladder capacity. Since contraction velocity is expected to be proportional to the unstretched length of muscle tissue (a longer muscle contains more cells in series, each with a similar individual contraction velocity; the individual contraction velocities add up to yield the contraction velocity of the entire muscle), the circumference of the bladder at capacity was considered to be proportional to the unstretched muscle length, and the parameter vmax was normalized by dividing it by this length. The parameter U theoretically does not depend on the unstretched length of the muscle. It was, however, shown to be proportional to the stretched length.e This dependence can be explained using the sliding-filament model of contracting muscle13: stretching the muscle causes more overlap in the filaments and therefore more active sites. For this reason the parameter U also was normalized by dividing it by the bladder circumference at capacity.
Spearman' s rank correlation coefficients were calculated to investigate the associations among the parameters calculated from pressure-flow studies and isometric contractions, both for parameters normalized with respect to initial length and for unnormalized parameters. Table I shows averages and standard deviations of the calculated parameters for the entire group of 86 patients. Table II shows that the parameters vmax and U are correlated significantly with the bladder volume at capacity, as expected. The other parameters, pmax and w, are neither expected nor found to be correlated Correlations between contractility parameters determined from pressure-flow studies and U and U/L. Contractility parameters determined from isometric contractions immediately preceding pressure-flow studies. Correlations shown for both entire group of patients and subgroups of male and female children and male and female adults separately (n = 86) (n = 27) (n = 34) (n = 17) (n = 8) (n = 86) (n = 27) (n = 34) (n = 17) (n = 8) with volume. Table III shows correlations between the parameter U calculated from the isometric contractions, and both the normalized and the unnormalized parameters from the pressure-flow studies, both for the entire group of patients, and for the four subgroups of boys, girls, men, and women separately. The significant correlation between U and vmax for the entire group is "caused" mainly by the two subgroups of females, both children and adults, whereas in adult males there is a significant correlation between U and pmax. Table III also shows correlations between the normalized parameter U/L and both the unnormalized and the normalized pressure-flow parameters. There is no significant correlation between U/L and vmax, but there is an association with pmax and w, especially in adult males.
Results

Comment
The values of the contractility parameters shown in Table I are considerably different from those published previously for a group of children.5 However, in that series5 a different method of calculation of contractility parameters was used, based on an assumed series elasticity. Errors in this assumption can explain the difference. The values of the normalized velocity parameters cannot be directly compared with those found in vitro, since the muscle length used for normalizing was not the initial muscle length, which is difficult to determine in a patient, but the bladder circumference at the maximum bladder capacity. From the average capacity (volume) in Table I , the average circumference can be calculated as approximately 25 cm. If the value of the normalized parameter vmax/L is compared with the value found in vitro,' it can be calculated that the actual average unstretched muscle length was about 10 cm, which means that on average the patients' bladders were strained about 250 per cent at capacity. Table III shows that there are significant correlations between contractility parameters based on isometric contractions (U, U/L) and contractility parameters derived from pressureflow studies. Notice that the significant correlation between U and vmax is no longer significant when both parameters are normalized (Table III) . This means that the former correlation is due mainly to the mutual dependence of both parameters on volume (Table II) .
In males (especially adults) U and U/L are mainly related to the pressure parameter pmax. In females they are more closely related to the velocity parameter vmax. The reason for this sex-related difference is no doubt that the maximum contraction velocity vmax and the isometric pressure pmax are mutually exclusive realizations of the contractility of the muscle: the available energy can be used to generate either velocity or pressure.5 In male patients there is a substantial incidence of subvesical obstruction, and so high pressures are generated. Most females, however, micturate at low pressures, and so high contraction velocities are generated. The two realizations of the contractility of the detrusor are combined in the power parameter w. The fact that w is related to U and U/L to approximately the same degree in both males and females, whether children or adults, suggests that it is a universal pressureflow contractility parameter, suitable for both high-and low-pressure micturitions.
Since the overall correlations of w (derived from pressure-flow studies) with U and U/L (derived from isometric contractions) are statistically significant, the two types of measurement give, at least partly, similar information about contractility of detrusor. However, the absolute values of the correlation coefficients are low, so that the information given is certainly not identical.
Both U and U/L are approximately equally strongly related to w. Since, however, U is dependent on bladder capacity, while U/L is not, U/L is more satisfactory as a contractility parameter.
To summarize, the parameter U/L can be calculated from an isometric detrusor contraction. It is easy to measure, independent of bladder capacity and significantly correlated with measures of detrusor contractility derived from pressure-flow studies of micturition. It is, therefore, promising as a detrusor contractility parameter and deserves further study. 
